The photometric light curves of the W-type W UMa eclipsing contact binary system BB Pegasi have been found to be extremely asymmetric over all the observed 63 years in all wavelengths UBVR. The light curves have been characterized by occultation primary minima. Hence, the morphology of these light curves has been studied in view of these different asymmetric degrees. The system shows a distinct O'Connell effect, as well as depth variation. A 22.96 years of stellar dark spots cycle has been determined for the system. Almost the same cycle (22.78 yr) has been found for the depth variation of MinI and MinII. We also present an analysis of mid-eclipse time measurements of BB Peg. The analysis indicates a period decrement of 5.62× 10 −8 day/yr, which can be interpreted in terms of mass transfer at a rate of -4.38 × 10 −8 M ⊙ /yr, from the more to the less massive component.
INTRODUCTION
The low temperature W UMa contact binary (LTCB) system BB Peg (M v = 11.6, spectral type F8V, P = 0 d .361501) was first classified as a binary by Hoffmeister (1931) . Its period was revised by Whitney (1959) to be 0.3615015 day.
The BV observations of Cerruti-Sola et al. (1980) revealed a variable degree of asymmetry from the yellow to the blue light curve, and a phase shift of the secondary minimum. They classified the system as a contact of the W-subtype, with the fill-out parameter of 37%. Leung et al. (1985) have found the light curves of BB Peg to be very complex, with large asymmetry and significant discrepancy in the differential eclipse depth (Min I and Min II) between the V-and B-light curves. The system has been also found to be in over contact with small degree of 12%. The UBV observations of Awadalla (1988) have shown a variable depth of the primary eclipse that is a total occultation, and an increase of the orbital period. Zola et al. (2005) have found that the configuration of BB Peg is contact with intermediate (21%) fill out factor, using BVR observations at the Mt. Suhora observatory in 2004. They have stated that the O'Connell effect is noticeable for the system. Kalomeni et al. (2007) have confirmed the claim and determined the rate of mass transfer from the less massive to the more massive component. Snyder (2008) has shown that the light curve of the system is asymmetric (O'Connell effect) and displays total annular eclipses in the primary. He has found two small cool stellar spots on the secondary star.
The first radial velocity study of the system has been done by Hrivnak (1990) which gives the spectroscopic value of the mass ratio q sp = 0.34. Later, it has been redetermined to be q sp = 0.36 by Lu and Rucinski (1999) . D'Angelo et al. (2006) have suggested from their spectroscopic study the existence of an M-type dwarf star of minimum mass M 3 = 0.18 M ⊙ orbiting around the binary.
Several photometric solutions of the light curves for the BB Peg system have been determined by various authors; among them Cerruti-Sola et al. (1981) , Zola et al. (2005) and Snyder (2008) . Kalomeni et al. (2007) have observed the system in V and R during 8 nights between Aug-Dec 2004, and during two nights in 2006. They have determined the absolute parameters for the system, and analyzed the light curves obtained by themselves as well as those obtained by Cerruit-Sola & Scaltriti (1980) , Zhai & Zhang (1979) and Awadalla (1988) . The analysis and fitting light curves for the four sets of the observations have different and poor results. Both sets of light curves for BB Peg obtained by Cerruti-Sola & Scaltriti (1980) and Zhai & Zhang (1979) show distinct asymmetry at maximum light, even though the two sets were observed in a two-month interval. This means that the light curves for the system BB Peg are undergoing relatively rapid changes. Hence, all the analysis of the light curves for the present system have been poorly determined, and in particular the fill out ratio, the O'Connell effect and the depth differences of minima.
Since most of the adopted solutions for the system BB Peg are poor due to the asymmetry of the light curves, their morphology has to be studied again, especially its asymmetry and the depth difference over all the time interval that the system has been observed. Moreover, the (O − C) diagram has been examined to explain the orbital period behaviour, in view of any possible relation with magnetic activity cycling for the system.
STUDY OF LIGHT CURVE MORPHOLO-GIES
All the light curves observed from HJD 2449564.0 to HJD 2454359.0 have asymmetric shapes in both maxima and minima in all U BV R filters, except those observed by Cerruti-Sola and Scaltriti (1980) 2.-Relation between the depth differences (MinII−MinI) and the corresponding HJD and years for all the published light curves in the V-filter.
show poor agreements with data, due to either a variable degree of asymmetry from yellow to blue light curve or a phase shift of the second minimum (CerrutiSola et al. 1981) . Kalomeni et al. (2007) have analyzed (using the W-D code) the light curves observed by Cerruti-Sola and Scaltriti (1980) , Zhai and Zhang (1979) , Awadalla (1988) , as well as their observations simultaneously with Lu and Rucinski's (1999) radial velocities. They have determined different parameters and various fillout factors for the system. Tables 1 and 2 summarize the maximum difference (O'Connell effect, MaxII−MaxI) and the depth difference (MinII−MinI) in UBVR for all the published light curves with the corresponding observed date (HJD), respectively. Figs. 1 and 2 show the changes in the O'Connell effect and the depth difference for BB Peg with the corresponding mean HJD, respectively. The solid lines represent 4 th degree polynomial fits, for both the O'Connell effect and the depth difference. The two figures show nearly periodical cyclic changes with the same behavior. The correlation coefficient and the standard deviation for both polynomials have been determined: r = 0.985, SD = 0.012, and r = 0.989, SD = 0.021, respectively. The O'Connell effect shows a periodicity of 22.96 years from HJD 2444903 to 2453290; approximately the same periodicity has been found for the depth differences from HJD 2444645 to 2452968, i.e. 22.78 years.
The light curve observed by Zola et al. (2005) shows a flat bottom for the primary minimum, and a little shallower secondary minimum. It also shows an inclination equal to 88
• .5 and a 21% fill out-ratio. Kalomeni et al. (2007) have found that the system is over- Present work ‡ † All v, pg, pe and CCD minima times. ‡ Only pe and CCD minima times. * The authors have used only 5 minima out of 9, due to the data large internal errors; ** The authors have used only 7 out of 9 minima. † The visual and photographic minima times are listed in Table 10 of the Appendix; these have been used only in Fig. 4 and in eq.(3). luminous and oversized, like the other W-subtype of W UMa binaries. Awadalla's (1988) light curves show that the primary minima are deeper than the secondary ones in both sets of his observations (1982 and 1984) , which is in agreement with Whitney (1943) . Whitney (1943) found that the primary minimum is 0.11 mag deeper than the secondary. The asymmetry noted by Prager (1941) was also confirmed by Whitney's observations (1943) . Awadalla (1988) has stated that the depth varies from colour to colour as well, as from time to time. The light curves analyzed by Leung et al. (1985) show large asymmetry in minima and significant discrepancy in the differential eclipse depths.
In spite that the two sets of observations of CerrutiSola & Scaltriti (1980) and Zhai & Zhung (1979) are only about two months apart, both sets of light curves show distinct asymmetry at maximum light, an indication that BB Peg has undergone relatively rapid changes (Leung et al. 1985) . Giuricin et al. (1981) confirmed that the eclipses are partial, and that the primary minima are occultations.
The asymmetry in the light curves for BB Peg has been modelled with cold spots on the secondary component, the cooler with higher mass and radius (Kalomeni et al. 2007 ).
In Table 2 we provide the fill out factors, and we show them in Fig. 3 . The figure indicates that the size of the envelope varies with the asymmetry of the light curves, and shows an alternative change from HJD 2443750 to 2454359, i.e. within 29 years. This means that the system has undergone a very rapid variation in this short time.
DATA AND LINE ELEMENTS

Data set
In order to study the period variation of BB Peg, the times of the minima (v, pg, pe and CCD) have been carefully collected from the literature (listed in Tables 9 and 10 of the Appendix). Table 9 provides the pe and CCD times of the primary and secondary minima, while Table 10 gives the visual (v) and photographic (pg) minima.
Line Elements
Whitney (1943) has determined the 1 st true orbital period value of the system BB Peg, after several approximate trials by various authors. However, he has obtained the line elements:
Later on, several authors have obtained different line elements. In the present study we construct the O − C diagram (Fig. 4 ) using all the available times of minima data (Tables 9 & 10 A quadratic least-square fitting of the O − C values has been performed; it yields the following ephemeris:
with standard deviation SD=0.0085, regression r = 0.5616, and a rate of increment in the period dP/dt = 2.16 × 10 −11 d/cycle (=2.19 × 10 −8 d/yr) associated with the mass-loss from the secondary to the primary component.
By studying the O−C values from Fig. 4 , one should question the accuracy of the results obtained in the previous paragraph. The scatter is very big, especially for visual and photographic observations. If we only consider the pe and CCD minima times (Table 9) , which are quite unscattered, we obtain the following new linear and quadratic ephemerides, respectively ( Fig. 5 ):
with SD=0.003 and r=0.915;
with SD = 0.002 and r = 0.963. All the line elements of the system given by previous authors, together with the line elements obtained in this work, are listed in Table 3 .
PERIOD VARIATION STUDIES
An essential method to study the period variation in eclipsing binary systems is the analysis of the O − C diagram, by the use of minima times determined throughout all the observational history of the binary.
The orbital period variations of BB Peg have been studied by Cirruti-Sola & Scaltrity (1980) , Zhai & Zhang (1977), Awadalla (1988) , Qian (2001) , Kalomeni et al. (2007) and Snyder (2008) . Table 4 provides the comparison between the numbers of data used in previous and present studies.
The general trend of the previous studies suggests: (i) to calculate the changing rate of the orbital period and to refer such change to the mass transfer from the less to the more massive component, (ii) to consider either a hypothetical 3 rd companion orbiting the close pair, or the presence of a magnetic activity cycling effect.
Mass Transfer
Awadalla (1988) has collected 43 minimum light times, and pointed out an increase in the orbital period by △P ≃ 1.5 × 10 −7 d/yr. However, a redetermination of this value gives instead 3.5 × 10 −8 d/yr. Qian (2001) has used only the pe and CCD minima times in his orbital period study of BB Peg, and reported that the general O − C trend may be increasing continuously. However, he has constructed the O − C However, in all the previous studies and in the present analysis of the O − C diagram of BB Peg, one can notice that, when using all the data with high-scattered values (obtained mainly from visual and spectroscopic minima times), the fit produces an orbital period increment rate (see Table  5 ). This increment may be considered a spurious effect. Kalomeni et al. (2007) have reported a rate of period increment of 3.0 × 10 −8 day/yr. They have also reported that this increment can be interpreted in terms of a mass transfer rate of 2.4 × 10 −8 M ⊙ /yr from the less to the more massive component. Snyder (2008) has deduced a period increase of 2.98 × 10 −8 day/yr instead.
In the present analysis, Eq. 5 shows a decrement rate in the period, dP/dt = −5.56 × 10 −11 day/cycle (= −5.62×10 −8 day/yr), associated with mass transfer (∆M ) from the more to the less massive component.
If the period decrement is caused by conservative mass transfer, one can calculate the mass transfer between the binary components. To estimate the mass transfer rate, the following equation given by Kreiner & Ziolkowski (1978) has been used:
where,
Adopting the values 0.53 M ⊙ and 1.42 M ⊙ for M 1 and M 2 , respectively (Kalomeni et al. 2007 ), the mass transfer rate is −4.38 × 10 −8 M ⊙ /yr, from the more massive secondary star to the less massive primary one. This result shows mass transfer from the cooler secondary massive star to the primary less massive one. However, the obtained result is in contradiction with other previous results (see Table 5 ).
Third Body Hypothesis
D'Angelo et al. (2006) searched for spectroscopic signature of a tertiary by fitting the spectrum of the contact binary BB Peg, and checked if adding a spectrum of a fainter tertiary improves the fit significantly. They motivated their technique in the same study, and detected M dwarf signatures in the spectra. In principle, a direct detection of the third component via spectroscopic observations is preferable in detecting the tertiary, but it comes with some difficulties. These difficulties arise from the complex nature of the W UMa type binaries due to the high rotational velocity of the binary components, the mass transfer and/or loss, and the chromospheric activity which causes high noise in the spectra.
Pribulla and Rusinski (2006) have studied the O −C diagram and reported that the light time effect (LITE) for BB Peg is a marginal detection. However, they have given orbital parameters for a hypothetical third body with P 3 = 20.4 yr ( Table 6 ).
Irwin's (1959) LITE technique has several advantages over many other approaches. The advantages and disadvantages of the LITE approach have been summarized by Pribulla and Rucinski (2006) . However, these authors have reported that: (1) the detection of short-period orbits may be negatively influenced by the enhanced surface activity; migrating spots can cause wavelike behaviour of the (O − C) diagrams, and only increase the scatter of observed minima times; (2) another possible interpretation of the cyclic period variation is a periodic transfer of orbital angular momentum to magnetic momentum in active systems (Applegate 1992) . A recent study of the (O − C) diagram has been carried out by Snyder (2008) , who has determined a third body orbital period value (P 3 =35.522 yr) which is higher than the values obtained by previous authors (see Table 6 ). However, he has not confirmed nor supported the triplicity of the system by determining any other orbital parameter for the third body. He has considered such high deviation between his and other results given by Kalomeni et al. (2007) or D 'Angelo (2006) , and argued that the discrepancy is due to the method of analysis. In fact, this is not acceptable for the following reasons: (1) he has used scattered unweighted data in constructing the O − C diagram, while Kalomeni et al. (2007) have given a suitable weight for each type of the observed data; (2) in spite that D'Angelo (2006) and Kalomeni (2007) have determined P 3 via two different methods, they obtained two comparable values of P 3 (29.7 and 27.9 years, respectively), which are off from Snyder's (2008) value of 35.522 years.
From the above investigations and because of: (1) the conflict between results obtained from the previous studies for determining M 3 and P 3 , (2) the observed high scatter in the (v and pg) collected data, (3) the chromospheric activity nature of BB Peg, and, (4) the light curve morphology variation, we have aimed in the present O − C study to illustrate the non-continuous variation superimposed on a secular decrement due to mass transfer and/or loss from the system. Subtracting off the effect of mass transfer or mass loss from the system, we obtain the (O − C) 2 residual plot in Fig. 6 , which shows a significant quasisinusoidal variation. A 7 th order polynomial fit with standard deviation SD=0.0014 and correlation coefficient r=0.7241 is the solid curve in the figure. In spite of using such a high degree polynomial, the data are not well-fitted. Hence, more details in studying such behavior have to be considered.
The (O − C) 2 values in Fig. 6 clearly suggest a non-continuous variation. Four clear jumps have taken place in the period of BB Peg within a time interval of 31.18 years which covers two complete cycles. The first cycle is not less than 17.0 years, and the second cycle is of about 12.87 years. Between these jumps, the period is assumed to have undergone a steady decrement. Similar systems, such as TZ Boo and Y Sex, have been studied by Awadalla et al. (2006) and Qian & Liu (2000) . Using the least squares method, a linear func-tion in each portion is used to obtain the best fit to the (O − C) 2 values:
the values of ∆T and ∆P in each portion are listed in Table 7 . The period at any cycle E has been computed with the following equation:
results are shown in Fig. 7 , where we have plotted the difference between the real P Re. (E) and the ephemeris P Eph. (0 d .36150147) -in units of 10 −6 day -as a function of time.
An alternative method has been suggested by Hanna (2010) . He has divided the variations of the O − C diagram of the system V839 Oph into cycles, in order to highlight its cyclic behaviour. BB Peg may be considered as a similar case to V839 Oph. The 7 th order polynomial fit of Fig. 6 shows two cycles, with different durations and different amplitudes. Applegate (1992) has shown that variations of the subsurface magnetic field which may be compared to the solar activity cycles can lead to a difference between the rotational velocity of the core and that of the outer layer of the convective star. Consequently, the distribution of the angular momentum of this star will vary, and the binary will respond by changing the orbital period. This theory provides a plausible explanation of the observed cyclic period variations of such chromospherically active stars.
MAGNETIC ACTIVITY VARIATION
As far as magnetic activity, star-spots are expected to be on the cooler, rather than on the hotter star. Hence, the secondary (cool) more massive star has been considered as the active component, when applying the 4.88 sub-surface field) Applegate's (1992) mechanism. In addition, it is the donor component, as clearly suggested by the quadratic term of Eq. 5.
Adopting the Applegate's formalism, we consider the two unequal duration cycles found in the (O − C) 2 diagram to be the modulation periods P mod : these are P mod1 = 17.0 and P mod2 = 12.87 years, with amplitudes equal to 0.0071 and 0.0013 day, respectively. Moreover, using the parameters given by Kalomeni et al. (2007) 
.86 L ⊙ , and their obtained mean value for the orbital semi-major axes a = 2.667 R ⊙ ), and assuming that there is no energy storage in the outer layers of the active cool star, we apply the Applegate's (1992) procedure.
The required value for the angular momentum transfer ∆J which produces the observed orbital period variations, the energy required to transfer this ∆J, the RMS luminosity variations ∆L RMS , and the magnetic field strength that sustains the whole mechanism, have been computed for both cycles; that are given in Table  8 .
The quantities obtained in Table 8 are consistent with and close to those derived by the Applegate's (1992) model, for similar chromospherically active stars.
DISCUSSION AND CONCLUSIONS
We summarize the asymmetry of the light curves obtained from morphology studies of the binary system BB Peg, as well as its evolutionary status in view of all collected published light curves and the (O − C) diagram, as follows. (1) The photoelectric observations for the system show an occultation primary (Giuricin et al. 1981) or a flat bottom primary (Zola et al. 2005) . The occulted duration varies with time over all the light curves of the system. This can be interpreted as a swilling of the bigger star radius, which is due to mass exchange between the binary components. (2) All the light curves of the system show a distinct O'Connell effect, which means that the system has magnetic activity due to a group of cool spots. These spots may be found on one or on both components with cycling of about 23 years (see Table 1 and Fig. 1) . (3) The change in depths refers to the luminosity variations of the components, that may confirm the presence of the cool spots on the system. (4) The different fill-out ratio values (Table 2 & Fig. 3 ) obtained by previous authors may be due to changes in the asymmetric structure; these changes are usually caused by surface brightness anomalies due to mass exchange between the binary components. The short-time variation of the light curves for the system could be explained by active envelope and/or mass exchange, as well as by magnetic activity cycling. However, the chromospheric and coronal activities on W UMa binaries are common and have been taken into consideration in the liter-ature. (5) A careful study of the (O − C) diagram shows that the cause of the quasi-periodic variation is not due to the LITE as a result of the presence of a third body; however, some authors have determined the elements of third body and have tried to prove its presence spectroscopically (D'Angelo et al. 2006 ) by various techniques.
A possible explanation is magnetic activity due to the presence of star spots, which affects the period variation cyclically-as it is common in chromospheric active late type stars. Such cyclic magnetic activity variation (not strictly periodic) is superimposed to the mass exchange between the binary components with jumps of its orbital period behaviour (Fig. 7) .
The present study shows mass transfer from the more to the less massive component, which contradicts previous studies. The difference between our result and previous studies may be due to the use of all the available high quality data, represented in terms of the pe and CCD minima times.
Notice also that when we used pg and v data together with pe and CCD minima (as previous authors), we obtained an increment in orbital period rate which is similar to their results.
The analysis of the (O−C) diagram shows variations in the period, which can be explained either by stellar magnetic activity cycles on the cool secondary more massive component (with subsurface magnetic fields equal to 8.5 kG and 4.88 kG for the two cycles), or by a third companion orbiting the close pair. These magnetic activity cycling may be superimposed on a long term orbital period modulation decrement of rate dP/dt = −5.62 × 10 −8 d/yr, corresponding to a timescale of 6.43 × 10 6 years. Further accurate photoelectric and CCD observations are required to determine any asymmetry for the binary system BB Peg, as well as to confirm the magnetic activity cycling to be the cause of such quasisinusoidal variation in the O − C diagram. 
